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) mostly resembles that of cross-script cognates or of cross-script transliterations (e.g., Katakana-Kanji for Japanese), which have extensive phonemic but very limited graphemic overlap on top of the semantic overlap (see Hino et al., 2003; Voga & Grainger, 2007) .
In spite of their similarity with transliterations (or with translation equivalents, the fact that Greeklish is a recently created artificial writing system suggests that the sublexical (graphemic and phonemic) overlap across the two codes should be critically involved in the processing of Greeklish items. Previous studies have revealed a clear dissociation between the influence of graphemic and of phonemic overlap on the early stages of reading (e.g., Dimitropoulou, Duñabeitia, & Carreiras, 2011; Grainger & Holcomb, 2009 ). In the case of Greeklish reading, the graphemically overlapping letters between Greeklish and Greek could provide a visual cue for the reader to match each Greeklish item to its corresponding Greek word. Alternatively, the extensive and more invariant phonemic overlap across the Greeklish-Greek pairs could also be triggering the identification of the correct Greek word upon the presentation of its Greeklish version, similar to how masked phonological priming effects emerge (e.g., brane-BRAIN; Dimitropoulou et al., 2011; see Rastle & Brysbaert, 2006 , for review).
The present study describes two lexical decision experiments examining Greeklish masked priming effects. Experiment 1 aimed at testing whether the Greeklish-to-Greek conversion takes place in an unconscious way in experienced users of Greeklish, by using Greeklish transcriptions as primes and their Greek correspondences as targets (e.g., sokaki-σοκάκι [alley] ). We furthermore compared the processing of Greeklish transcriptions to that of pure Greek repetitions (e.g., σοκάκι-σοκάκι). In the bilingual literature comparable repetition priming effects within-and across-languages have been only obtained with balanced bilinguals, thought to process words from both their languages equally effectively (e.g., Duñabeitia et al., 2010-b) . Taking into account that Greeklish is only used for specific communication purposes, we expected the Greeklish masked priming effect to be significantly smaller than the Greek identity priming effect, reflecting the fact that even for experienced users of Greeklish, Greek is the dominant linguistic code.
Experiment 1 Method
Participants: 44 native Greek speakers with extensive reading and writing exposure to Greeklish completed this experiment (see Table 1 for a full description of the participants' use of Greeklish).
-Table_1-Materials: Two hundred 5 and 6-letter Greek target words were taken from the GreekLex database (Ktori, Pitchford, & Van Heuven, 2008) , and their Greeklish correspondences were obtained. These Greek-Greeklish pairs were transcriptions (not transliterations) given their extensive graphemic and phonemic overlap, measured as the number of visually close or undistinguishable graphemes and the number of shared phonemes. In order to identify the overlapping graphemes, 20 Spanish college students without any knowledge of the Greek alphabet were asked to indicate which of the Greek lowercase letters could be perceived as a known Roman letter. We considered overlapping those graphemes that were indicated to be visually similar by at least 70% of the sample (i.e., α-a, ε-e, ι-i, ο-o, τ-t, κ-k, χ-x, ω-w) . The selected Greeklish-Greek repetitions had 70% and 92% of overlapping graphemes and phonemes, respectively, as measured at the individual character finegrained level. We further corroborated that the strings were also graphemically similar at the coarse-grain level by asking another 32 Spanish readers to rate the Greeklish-Greek pairs in a 1-to-5 scale (5 referring to highly similar). Mean similarity score for the pairs was 4.2. The position of the graphemic overlap varied across the prime and target strings. Greek targets (e.g., σοκάκι [alley]) were preceded by masked primes that were i) their Greek repetition (e.g., σοκάκι), ii) their Greeklish transcriptions (e.g., sokaki), iii) a Greek unrelated word (e.g., δάπεδο [floor]), or iv) the Greeklish version of the unrelated word (e.g., dapedo). Greek base words used in the unrelated (Greek and Greeklish) conditions were matched as closely as possible to the targets (see Table 2 ). Furthermore, in order to confirm the extended use of the Greeklish version of the Greek words, we computed the number of times each precise Greeklish word form had been used in a Greeklish-to-Greek online translator (Chalamandaris et al., 2006) . Greeklish transcriptions were on average used more than 300 times, suggesting that they were uniformly accepted as valid Greeklish items. Moreover, ratings on whether each Greeklish transcription was considered as the preferred Greeklish version of the target were collected by 20 Greeklish users who did not participate in the experiment. On a 1-to-7 scale (7 representing "the best" Greeklish transcription) the Greeklish transcriptions were rated at 6.9. A set of 200 pronounceable Greek nonwords (e.g., παδέµο) was also created. These nonwords were preceded by Greek or Greeklish repetition or unrelated nonword primes. Four lists were constructed so that each target appeared only once in each list, each time in a different priming condition. Different participants were randomly assigned to each list.
-Table_2-
Procedure: Participants were individually tested in a well-lit soundproof room. The presentation of the stimuli and recording of the responses was carried out using DMDX (Forster & Forster, 2003) . On each trial, a forward mask (i.e., ######) was presented for 500ms. Next, the prime was presented for 50ms immediately followed by the target, which remained on the screen for a maximum of 2500ms. Primes were presented centered in lowercase 10pt Courier New (character width: 0.12 inches) and targets in lowercase 12pt
Courier New (character width: 0.16 inches), in order to avoid overlapping pixels.
Participants were instructed to press, as quickly and accurately as possible, one of two buttons on the keyboard to indicate whether the target was a legitimate Greek word or not.
They were not informed of the presence of the primes and none of them reported conscious knowledge of their existence. Trial presentation was randomized across participants. Each participant received a total of 12 practice trials (6 words and 6 nonwords). The experimental session lasted approximately 15 minutes.
Results and Discussion
Incorrect responses and reaction times shorter than 250ms or greater than 1500ms (less than 2.5% of the word data) were excluded from the analysis. Mean latencies for correct responses and error rates are presented in Table 2 . ANOVAs on reaction times and error rates by participants and items were conducted based on a 2(Type of relationship:
Repetition/Unrelated) x 2(Script: Greek/Greeklish) x 4(List: 1/2/3/4) design.
ANOVAs on reaction times revealed a main effect of Type of relationship: targets were responded to faster (28ms) The nonword data did not reveal any significant effects (all ps>.13).
Experiment 1 showed a significant masked identity priming effect with Greek primes as well as a Greeklish masked priming effect with Greeklish transcriptions, 1 We opted for using the arcsin transformation due to the fact that a large part of the error data was gathered near the lower limit of the percentage range (0%) thus violating ANOVA's assumption about the free variation of data around the mean (see Jaeger, 2008) .
suggesting that for experienced users of Greeklish, the Greeklish-to-Greek conversion takes place in a ballistic and unconscious manner. However, the significant difference in the magnitude of the Greeklish-Greek and Greek-Greek priming effects suggests that Greeklish transcriptions activate their Greek correspondences less effectively than Greek repetition primes. We interpret this difference as reflecting a distinction at the graphemic level of processing, since the graphemic overlap was not total (70%), while the phonemic overlap was almost complete (92%). A strong graphemic component in the Greeklish masked priming effect would predict that under similar circumstances Greeklish transcriptions should lead to larger Greeklish masked priming effects than Greeklish transliterations, due to the increased graphemic overlap. Experiment 2 was designed to address this issue by examining Greeklish masked priming effects produced with Greeklish transcriptions and transliterations.
Experiment 2 Method
Participants: A different group of 46 native Greek speakers with extensive exposure to Greeklish and matched to the group who completed Experiment 1 took part in this Experiment (see Table 1 ).
Materials: 200 five-letter Greek targets were selected from the Greeklex database.
Following the results of the questionnaires described in Experiment 1, these words were divided in two groups: a transliteration group, if they had only 1-2 common graphemes with their Greeklish counterpart (mean of 30% graphemic overlap; e.g., βλήµα-vlima Table 3 ). The same procedure used in Experiment 1 was followed to validate the quality of the Greeklish items according to the Greeklish-to-Greek online translator. Greeklish converted forms from the transcribed and transliterated groups were used on average more than 230 times by expert Greeklish users (p>.85). According to the offline questionnaires, the appropriateness of the Greeklish transliteration/transcription primes was rated with 6.5 in the 1-to-7 scale. An additional set of 200 five-letter Greek pronounceable nonwords was also created, which were presented preceded by Greeklish related and unrelated primes. Priming conditions and materials were counterbalanced in two lists, and different participants were randomly assigned to each of them.
-Table_3-
Procedure:
The same procedure as in Experiment 1 was followed.
Results and Discussion
Less than 1.5% of the word data were excluded from the analysis following the same data trimming procedure as in Experiment 1. Mean latencies for correct responses and error rates are presented in ANOVAs on the nonword data did not reveal any significant effects (all ps>.32).
Experiment 2 replicated the Greeklish masked priming effect with both transcriptions and transliterations, despite the different graphemic overlap. Interestingly, results showed a graded pattern induced by the increased graphemic similarity of transcriptions as opposed to transliterations. These findings suggest that the magnitude of the Greeklish priming effect is directly proportional to the number of overlapping graphemes between related primes and targets and reveal the existence of a strong graphemic component in the Greeklish masked priming effect.
General Discussion
The present study examined the level of automaticity of the conversion of The overall pattern of Greeklish masked priming effects closely resembles the one reported with transliterations (e.g., Kana-Kanji for Japanese). In further detail, the magnitude difference between the Greek-Greek and the Greeklish-Greek repetition priming effects found in Experiment 1 is highly similar to the pattern obtained by Nakamura et al. Critically, in both experiments the phonemic overlap across the Greeklish-Greek repetitions was nearly complete (above 85%). Although it has been shown that masked phonological priming effects can be obtained even when the graphemic overlap is nonexistent and the phonemic overlap is incomplete (e.g., Dimitropoulou et al., 2011; Rastle & Brysbaert, 2006) , the difference in the magnitude of the Greeklish priming effects for transcriptions and transliterations suggests that the Greeklish effect is mainly driven by the graphemic and not by the phonemic overlap. This proposal provides support to the socalled "weak phonological theory", which in contrast to theories of "strong phonology" 2 Given that the Greeklish priming effects were obtained with same case (lowercase) Greeklish-Greek primetarget pairs we are can only assume the involvement of case-specific graphemic representations in the appearance of the effects. Future research testing the persistence of the effects when Greeklish primes and Greek targets are presented in different cases could identify whether these graphemic representations are situated higher in the orthographic processing stream, at a case-independent level of abstract letter identities. The authors want to thank an anonymous Reviewer for bringing this into our attention. (Frost, 2003) , posits that the early stages of visual word recognition depend on the orthographic, and to a lesser extent on the phonological properties of the input stimulus (e.g., Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) . Current research in our lab is aimed at obtaining evidence regarding the influence of the phonemic overlap and its interaction with the graphemic overlap in the overall pattern of Greeklish priming effects, by testing Greeklish-Greek pairs with limited phonemic overlap and extensive graphemic overlap.
In summary, our results provide a first approximation into the processing of a recently developed artificial writing system (Greeklish). We present evidence showing that words written in Greeklish are unconsciously processed and that they effectively activate the lexico-semantic representations of real Greek words. However, this activation depends on the graphemic overlap between the Greeklish-Greek strings, showing for the first time that transcriptions are more effectively processed than transliterations. Table 2 Examples of the word materials with their lexical properties as well as mean lexical decision times (RTs, in ms) and error rates (Err%) obtained in Experiment 1. Graphemic and phonemic overlap is given as the mean number of position specific common graphemes or phonemes between primes and targets. Mean percentage of overlap and reaction time and error rate standard errors are presented within parentheses.
Note: Mean reaction time and error rate (within parentheses) for nonwords were: 775ms (3.5%) and 783ms (3.8%) in the Greek repetition and unrelated conditions; and 786ms (4.3%) and 782(3.7%) in the Greeklish repetition and unrelated conditions. Graph., Graphemic, Phon., Phonemic, Ov., Overlap. Note: Mean reaction time and error rate (within parentheses) for nonwords were: 776ms (2.6%) and 779ms (2.9%) in the related and the unrelated conditions, respectively. Graph., Graphemic, Phon., Phonemic, Ov., Overlap.
